Introduction {#sec1}
============

Estimation of cardiosurgical intervention risk, which allows prediction of post-operational mortality, is an important aspect of modern cardiology and cardiosurgery. The European System for Cardiac Operative Risk Evaluation (EuroSCORE) and Cardiac Anesthesia Risk Evaluation (CARE) were proposed in the middle 1990s for predicting mortality after cardiac surgery \[[@cit0001]\]. EuroSCORE (<http://euroscore.org>) estimates three groups of factors: 1) patient-related factors: age and sex; presence of chronic pulmonary diseases, extracardiac arteriopathy (i.e., carotid arteries or aorta), diseases with neurological dysfunction; previous cardiac surgery with pericardium opening; serum creatinine level before intervention \> 200 µmol/l; presence of active endocarditis or critical condition (ventricular tachycardia or fibrillation, history of sudden cardiac death, indirect heart massage before intervention, pre-operational artificial lung ventilation, usage of inotropic agents before intervention, intra-aortic balloon pump counterpulsation, and pre-operational acute kidney failure); 2) heart-related factors: unstable angina pectoris, left ventricular dysfunction, myocardial infarction within last 90 days, pulmonary hypertension; 3) operation-related factors: urgent intervention, surgery of thoracic aorta, other intracardiac procedures, post-infarction septal rupture. Some modifications of this scoring system have been proposed, e.g., logistic, EuroSCORE II. For instance, the scale named EuroSCORE II (2011) also includes (1) -- poor mobility, creatinine clearance instead of serum creatinine level, presence of diabetes mellitus with insulin usage; (2) -- functional classes of angina and heart failure according to New York Heart Association classification; (3) -- intervention significance. But not all scientists agree on its advantages.

Although some authors state that EuroSCORE is not precise in prognosis prediction \[[@cit0002]\] and provides inflated rates of mortality \[[@cit0003], [@cit0004]\], it continues to be a gold standard for European heart surgery. EuroSCORE can be used just near the patient's bed without any complicated calculations or digital technologies. The logistic model of EuroSCORE better predicts risk, especially in patients with high cardiovascular risk, and therefore it is of special interest for scientific investigations or risk stratification planning \[[@cit0005], [@cit0006]\].

It is widely known that ischemic heart disease and gallbladder disorders are widespread pathological conditions with mutual pathogenetic mechanisms \[[@cit0007]\] and risk factors. Analysis of data of 841 patients who underwent cholecystectomy due to cholelithiasis showed that patients with cholesterol gallstones had 50% lower risk of stroke-related mortality, but an increased risk of ischemic heart disease \[[@cit0008]\]. The influence of gallbladder condition on prognosis of cardiosurgical intervention consequences was not studied before, and this fact determined the importance and novelty of this work.

Aim {#sec2}
===

The aim of this paper was to investigate correlations of risk after coronary artery bypass grafting (CABG) according to the EuroSCORE scale in patients with unstable angina pectoris or acute myocardial infarction and different gallbladder conditions.

Material and methods {#sec3}
====================

Cardiosurgical intervention risk was estimated with the help of the EuroSCORE calculator (<http://EuroSCORE.org>) in 98 patients with acute coronary syndrome before CABG (40% with acute ST-elevation myocardial infarction, 60% with unstable angina pectoris; 79% male, 21% female; mean age: 61.7 ±1.6 years). These patients were then divided into the following groups according to gallbladder condition: intact bladder -- 29; sludge and cholesterosis -- 13; bent gallbladder body -- 13; gallbladder neck deformations and cholecystitis -- 27; cholelithiasis -- 11; prior cholecystectomy -- 5 persons. Diagnostics and treatment were performed according to Decrees of Ministry of Health of Ukraine No. 436 dated 03.07.2006 and No. 816 dated 23.11.2011, using standard methods. The work was carried out according to the Declaration of Helsinki and approved by the local Ethics Committee.

Statistical analysis {#sec3.1}
--------------------

Digital data were processed with the help of Statistica 6.0 software (USA); correlation analysis of 35 clinical, laboratory and instrumental parameters was performed using Pearson's method; results were considered statistically significant if the *p*-value was \< 0.05.

Results and discussion {#sec4}
======================

It was found that in investigated patients the cardiosurgical intervention risk score varied between 1.33% and 48.4%. The mean value was 6.03 ±0.62%, which exceeds the results of 42 investigations on cardiac surgery, involving 213 283 patients, but was lower than the cardiosurgical intervention risk score in 8 other investigations, involving 8440 patients \[[@cit0005]\]. Gallbladder condition did not significantly influence the risk, although minimal mean values were revealed in patients with intact gallbladder and gallbladder neck deformations (5.54% and 4.85%, respectively), whereas maximal mean values were observed in those with cholelithiasis, sludge and cholesterosis (6.69% and 9.56%, respectively).

As bilirubin is considered to be a potent endogenous antioxidant with anti-atherogenic properties and a positive influence on lipid metabolism along with an anti-thrombotic action \[[@cit0009]\], we compared cardiosurgical intervention risk scores in patients with serum bilirubin level below and above 10.0 µmol/l (accordingly, 65.3% and 34.7% of patients; these subgroups had comparative mean values of age and body weight, gender ratio and diagnosis). Although liver function is not mirrored in the EuroSCORE system, it was revealed that in the case of a low total serum bilirubin level the risk score was significantly higher (6.18 ±0.93% vs. 3.55 ±0.83% in the subgroup with serum bilirubin levels \> 10 µmol/l, *p* \< 0.05).

According to correlation analysis, in all patients cardiosurgical intervention risk score directly correlated with end-diastolic left ventricular diameter (*r* = 0.31, *p* \< 0.05) and fasting glucose level during the glucose tolerance test (*r* = 0.38, *p* \< 0.05). Thus, increased cardiosurgical intervention risk is closely associated with left ventricular dilatation and increased fasting glucose, although the EuroSCORE system includes only systolic dysfunction, NYHA functional class of heart failure, and overt diabetes mellitus with insulin use. So, high cardiosurgical intervention risk score is quite a sensitive marker of structural heart changes and disorders of glucose metabolism.

Other correlations, presented in [Figure 1](#f0001){ref-type="fig"}, show that increased cardiosurgical intervention risk goes in parallel not only with the left ventricular enlargement, but also with the increased left atrial size (meaning diastolic dysfunction), right ventricular size (meaning severe biventricular heart failure), and grade of stenosis of the anterior interventricular branch of the left coronary artery, which provides about 40% of left ventricular blood supply. Speaking of metabolic disorders, increased cardiosurgical intervention risk is associated with elevated serum levels of fasting glucose, total cholesterol, β-lipoproteins, total bilirubin and decreased serum potassium level, playing an important role in the pathogenesis of arrhythmias, QT interval prolongation and progression of heart failure \[[@cit0010]\].

![Significant correlations of cardiac surgery risk score, structural and functional cardiac parameters and metabolic disorders](KITP-15-80920-g001){#f0001}

At the same time, cardiosurgical intervention risk score correlations differed in patients with various gallbladder conditions. For instance, in patients with an intact gallbladder, cardiosurgical intervention risk score directly correlated only with age (*r* = 0.57, *p* \< 0.05), and in patients with sludge and gallbladder cholesterosis it correlated with fasting glucose level (*r* = 0.82, *p* \< 0.01). In those with a bent gallbladder body cardiosurgical intervention risk score was directly associated with the sizes of left (*r* = 0.75, *p* \< 0.05) and right (*r* = 0.69, *p* \< 0.05) ventricles and also left atrial diameter (*r* = 0.66, *p* \< 0.05). In patients with gallbladder neck deformations, which usually result from chronic cholecystitis and frequently cause bile flow obstruction, cardiosurgical intervention risk score correlated with patients' age (*r* = 0.47, *p* \< 0.05), white blood cell count (*r* = 0.40, *p* \< 0.05), and serum potassium level (*r* = --0.41, *p* \< 0.05). Only in the group with cholelithiasis was cardiosurgical intervention risk was proportional to the duration of in-patient treatment (*r* = 0.83, *p* \< 0.05), and in persons with removed gallbladder -- to aspartate aminotransferase activity (*r* = 0.94, *p* \< 0.05).

This study has some limitations: the small group size and no control group consisting of healthy people.

Conclusions {#sec5}
===========

Mean risk of surgical intervention according to Euro-SCORE in 98 patients with acute coronary syndrome, who underwent coronary artery bypass grafting, was 6.03 ±0.62% and was significantly higher in persons with a low serum bilirubin level. Estimated risk directly correlated with left ventricular size dilatation and serum fasting glucose levels, and with the means of other correlations, e.g., left atrial and right ventricular sizes, grade of stenosis of anterior interventricular branch of the left coronary artery, serum levels of total cholesterol, β-lipoproteins, bilirubin and potassium. These correlations suggest that cardiosurgical intervention risk score may be used as a simple informative criterion of prognosis of intra-operational cardiac mortality and also as a marker of structural and functional heart condition and metabolic disorders. Correlations of cardiosurgical intervention risk score differed in patients with different gallbladder conditions. Future perspectives of related investigations include the use of EuroSCORE for screening of other consequences of cardiosurgical interventions apart from mortality.
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